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• Greenhouse gas emissions inventories for the State of  Nebraska.
• Impacts of  the 2012 drought on Nebraska and the region.
• 30 studies that project drought in Nebraska to 2100.
This lecture:
GHG inventory methods
• GHG emissions inventories for the State of  Nebraska were calculated for 
1990-2016; normally, state GHG emissions inventories are only for 
individual years (10 other states have limited inventories)
• US EPA’s State Inventory Tool (SIT) was used to calculate GHG emissions 
• State-level data, where available, were used to calculate GHG emissions for 
multiple economic sectors based on government and industry sources.
• Basic structure of  the SIT is multiplying relevant input rates by a calculated 
emission factor (emissions per unit) to find total GHG emissions for a 
product or emissions source per year; 109 categories were calculated
A) Total net GHG emissions for Nebraska, 1990-2016
B) GHG emissions per capita for Nebraska, 1990-2015





























































Source: ER Holley and AJ Liska, in press (Nebraska Energy Office)
Nebraska gross GHG emissions by sector (MMtCO2e), 1990-2016,
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Source: US DOE Energy Information Administration, 2018.
Coal for electricity had the largest increase in the 
inventory from 1990 to 2016 (7.4 MMtCO2e) 
Coal made up 23.7% of  the state’s net emissions in 
2016. 






























Ag Soils Enteric Fermentation Manure Management
Liming Urea Fertilization Agricultural Residue Burning
Direct and indirect agricultural soils emissions (MMtCO2e) 
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Estimated historical agricultural GHG emissions (1920-1990) 



























Historic Agricultural Emissions (Estimated) Total Agricultural Emissions
Based on beef  cattle populations
Quantified in inventories
Beef  cattle made up 22.6% of  the state’s net emissions in 2016. 
Source: ER Holley and AJ Liska, in press
Emissions of  GHGs (MMtCO2e) by geographic area, 1990 and 2014. 
Category 1990 2014 Change % Change
Global 33,823 48,892 15,069 45%
U.S. 5,564 6,090 526 9%
Nebraska 56.2 87.9 31.7 56%
Nebraska Share of  U.S. 1.01% 1.44% 0.004 43%
U.S. Share of  Global 16% 12% -0.04 -24%
Nebraska Share of  Global 0.2% 0.2% 0.0001 8%
Source: World Resources Institute, 2018.
NE emissions are only 0.2% of  global GHG emissions, 
but we should do our part to mitigate climate change
Per capita gross GHG emissions (MtCO2e/capita) 
for selected regions and emissions sources, 2015.
Nebraska - 47 U.S. - 21          California - 11    Global - 5
These data are for production-based 
emissions, not consumption-based 




Source: ER Holley and AJ Liska, in press

















Source: Feng et al., Journal of  Geophysical Research, 2008.
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The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. For more information on the
Drought Monitor, go to https://droughtmonitor.unl.edu/About.aspx
droughtmonitor.unl.edu
U.S. Drought Monitor September 21, 2021
Valid 8 a.m. EDT
(Released Thursday, Sep. 23, 2021)
Drought Impact Types:
S = Short-Term, typically less than 
6 months (e.g. agriculture, grasslands)
L = Long-Term, typically greater than 



































Corn, irrigated Corn, dryland























Crop yields in NE Crop yields, US average
Source: USDA, NASS
The drought of  2012
• The 2012 drought resulted in >$30 billion dollars in losses 
• Nebraska received $1.43 billion in Federal Crop Insurance in 2012 
• The summer of  2012 was third hottest on record at the time for the contiguous US 
(74.4°F); 2.3°F above the 20th century average 
• Summer temperatures across the Central US in 2011 and 2012 were ~20-30% higher 
than long-term averages
• Precipitation in the western Corn Belt was ~53% of  the region’s long-term mean 
rainfall 
• Based on PDSI, 39% of  the United States was in severe to extreme drought in 
August 2012, only exceeded by the droughts of  the 1930’s and 1950’s
• Across the Central US, Gross Primary Production of  maize, soybean, cropland, and 
grassland were reduced by 9%, 7%, 6%, and 29%, respectively 
• If  a 1930’s scale drought occurred today, it has been estimated that crop yield losses 
would be ~50% greater than the drought of  2012 
Future scenarios: Global atmospheric CO2 concentration
The global economy is on 
track to follow RCP8.5;









Under RCP8.5 (CMIP5), 
NE’s annual precipitation 
stays roughly the same, 
but temperatures are 
expected to increase 
substantially.
These projected increases 
in temperature from CO2
increases will drive 
evapotranspiration
which will drive drought
7-10.5 ºC
14-17.5 ºC
Source: NCA4, Maribeth Milner; 
Spinoni et al., Journal of  Climate, 2020
temperature precipitation 5
th generation of  climate change 
models (~50) used by the IPCC
Under RCP8.5 (CMIP5), by 2071-2099, NE’s precipitation and temperature will approximate 
that of  Kansas, Oklahoma, and eastern New Mexico today (in Pink)
Source: NCA4, Maribeth Milner
30 studies published 
since 2010 used >100 
climate models to project 
future droughts in NE to 
2100; studies are largely in 
agreement that drought will 
increase in intensity, 
frequency, and duration.
Study Scenario CMIP5 PDSI change Reference Projection
Lui et al., 2018 1.5°C 11 -0.5 to -1 (-2); pm 1986-2005 1.5°C
Zhao & Dai, 2017 RCP4.5 14 -1 to -2 (-4); sc_pm 1970-1999 2070-2099
Zhao & Dai, 2015 RCP4.5 14 -0.5 to -1.0 (-2.5); sc_pm 1970-1999 2070-2099
Dai, 2013 RCP4.5 14 0 to -3 (-5); sc_pm 1970-1999 2090-2099
Hoerling et al., 2012 RCP8.5 1 -2 to -5 (-5); pm 1901-2000 2045-2055
Ficklin et al., 2016 RCP8.5 17 -3 to -4 (-5); pm; JJA 1950-1979 2070-2099
Cook et al., 2015 RCP8.5 17 -1.89; pm; JJA 1931-1990 2050-2099
Cook et al., 2014 RCP8.5 15 -2 (-6); pm 1931-1990 2080-2099
Swann et al., 2016 CO2 7 -1.6 to -2.5 (-4); pm 284 ppm 1,140 ppm
Gu et al., 2020 1.5°C 13 -0.33 to -0.56 (-1); pm 1976-2005 1.5°C
Dewes et al., 2017 RCP8.5 2 -0.25 to -1.25 (-2); pm 1976-2005 2050-2100
Ahmadalipour, 2017 RCP8.5 21 -1.88 (-2.82); th; JJA 2005 2099
Cook et al., 2014 RCP8.5 15 -1 (-3); pm 1931–1990 2080-2099
The future Dust Bowl in the central US
• 1-in-100-year droughts would occur every two to five years (!) with 3°C warming 
(~RCP8.5) compared to 1979-2005 (Naumann et al., 2018). (~1930s drought/~3 yrs)
• Frequency of  extreme drought will increase by ~28 days per year under RCP6.0
by 2099 (Pokhrel et al., 2021). 
• Frequency of  extreme drought will increase by 8 to >16 events per 45 years under 
RCP8.5 (Touma et al., 2015). (~1930s drought/~3 yrs)
• Frequency of  drought events will increase by ~2-3 events per 10 years under 
RCP8.5 by 2071-2100 compared to 1981-2010 (Spinoni et al., 2020). 
• Frequency of  extreme drought will increase by ~2 to 8-fold under RCP8.5 by 
2075-2099 compared to 1850-1999 (Xu et al., 2019). 
• Frequency of  drought will increase by ~10-fold under RCP8.5 by 2071-2100 
compared to 1976-2005 (Lu et al., 2019). 
• The most extreme study concluded that there is >80% chance of  a multi-decadal 
drought (35-yr megadrought) (!) in the Central Plains under RCP8.5 during 2050–




3 scientists won the 
Nobel Prize for Physics 
(2021) for their work on 
climate projection models
Source: Wehner et al., Journal of  Hydrometeorology, 2011
Drought severity,
19 CMIP3, ~RCP6.0
2089-2098 compared to 1950-1999 
Drought Severity, 16 CMIP5
Source: Spinoni et al., Journal of  Climate, 2020
1981-2010 
Source: Cook et 
al., Science 
Advances, 2015
Source: Dai, Nature Climate Change, 2013
11 CMIP5 models under RCP4.5, 1980-1999 to 2080-2099
PDSI
Drought intensity increases (!!) in the north central US with CMIP6 model projections 
compared to CMIP5, under RCP8.5 by 2051-2100 compared to 1950-2014. 
CMIP6
CMIP5
Source: Ukkola et al., 
Geophysical Research 
Letters, 2020.
CMIP6 results suggest 
that all results under 
CMIP5 are 
underestimations of
drought severity in 
the region (!)
“Future drought 
changes are larger and 
more consistent in 
CMIP6 compared to 
CMIP5” 
CMIP6 shows increased drying of  the total soil column moisture in 
the Northern Plains and central US, whereas CMIP5 simulations 
shows wetting (RED), under RCP8.5 by 2071-2100 compared to 1852-
1880
Source: Cook et al., Earth’s Future, 2020; Martin, Geophysical Research Letters, 2018
Similar results for ONDJFM







Will the Ogallala 
Aquifer save us, or 
will we pump it dry 
during this century?
